Abstract: LSIV-14 116 is a very unusual subdwarf B star. It pulsates non-radially with high-order g-modes, these pulsations are unexpected and unexplained, as the effective temperature is 6 000K hotter than the blue edge of the hot subdwarf g-mode instability strip. Its spectrum is enriched in helium which is not seen in either the V361 Hya (p-mode pulsators) or the V1093 Her stars (g-mode pulsators). Even more unusual is the 4 dex overabundance of zirconium, yttrium, and strontium. It is proposed that these over-abundances are a result of extreme chemical stratification driven by radiative levitation. We have over 20hrs of VLT/UVES spectroscopy from which we have obtained radial velocity curves for individual absorption lines. We are currently exploring ways in which to resolve the photospheric motion as a function of optical depth.
LS IV -14

∘ ∘ ∘
: A History
The hot subdwarf LS IV−14 ∘ 116 was discovered in a follow-up study of stars with ultraviolet excesses (Viton et al. 1991) . It was initially classified as a subdwarf O star (Kilkenny et al. 1990) owing to the weakness of its hydrogen and the strength of its ionized helium lines. The remarkable surface abundances discovered by Naslim et al. (2011) made it the prototype of a growing group of "heavy metal" helium-rich hot subdwarfs. Randall et al. (2015) found that LS IV−14 ∘ 116 is on a retrograde orbit around the Galactic centre, implying that it belongs to the halo population. Martin et al. (2017, see Figures 5 & 6) have computed the Galactic orbit of LS IV−14 ∘ 116 in which we see the retrograde orbit as well as the high eccentricity confirming LS IV−14 ∘ 116's halo status. LS IV−14 ∘ 116 shows photometric variability first seen by Ahmad and Jeffery (2005) who found two periods. They concluded that the variability was likely due to non-radial g-mode pulsations. This made LS IV−14 ∘ 116 the proto-type He-sdB variable (He-sdbV) (Kilkenny et al. 2010 ) and unique until UVO 0825+15 was discovered recently . UVO 0825+15 shows two long period non-radial oscillations as well as an unusual surface chemistry rich in elements heavier than argon -although not as enriched in zirconium, yttrium and strontium as LS IV−14 ∘ 116. A follow up photometric study of LS IV−14 ∘ 116 by Green et al. (2011) confirmed the two previous known periods and detected four others (Table 1) . The authors came to the same conclusion that these are most likely non-radial g-mode pulsations and highlighted a problem with this conclusion. With a temperature of ∼ 35kK and logg ∼ 6 LS IV−14 ∘ 116 lies in a region of the T e -logg diagram occupied by p-mode pulsators. Current models fail to explain how a star such as LS IV−14 ∘ 116 can excite long-period gmodes. The excitation mechanism for the pulsations seen in LS IV−14 ∘ 116 is still not known. Consequently, the question must be asked -are these truly pulsations? Jeffery et al. (2015) conducted a search for radial velocity variability, as surface motion should be detectable in the radial velocity data at periods equal to the light variations. In 2011, four hours of observations were obtained with the Ultraviolet and Visual Echelle Spectrograph (UVES) at the European Southern Observatory's Very Large Telescope (VLT). Fourier analyses of radial velocity measurements form 39 spectra reveal a smallamplitude peak at a frequency consistent with the most dominant photometric period of ∼ 1953 s. This behaviour is seen in numerous ranges of the spectrum with no evidence for long-period or large amplitude variability that might suggest motion within a binary system. These measurements support the thesis that the photometric variations are caused by surface pulsations.
The aim of the current study is to extend the earlier VLT/UVES observations in order to improve the frequency resolution and refine the sensitivity, especially for individual absorption lines. With improved frequency resolution we aim to detect the additional frequencies seen in the light curve. Since absorption lines from different elements may be formed at different depths in the photosphere, we also want to analyse the motion in the different lines in order to resolve the differential motion through the photosphere. 
Observations & Methods
Observations were obtained with UVES during four half nights from 2015 August 23 -27. All spectra were obtained with an exposure time of 200 s (compared with the principal pulsation period of ∼ 1950 s) In total 355 pairs of spectra were obtained covering the wavelength regions 328nm -456nm (blue arm) and 472nm-684nm (red arm. The mean signal-to-noise ratio (SNR) for the blue spectra is 16.6 and for red spectra is 18.6. The spectral resolution R lies between 58 640 and 66 320. The data were reduced using the UVES pipeline tool EsoRex (Ballester et al. 2000; ESO CPL Development Team 2015) which performs bias and flatfield correction, optimal extraction, and wavelength calibration.
Radial Velocity Curves
In order to identify the absorption lines that may be suitable for radial velocity measurements a synthetic spectrum was computed (Figure 1 ). The spectra was fit using the LTE code (Jeffery et al. 2001 ) with effective temperature T e = 34 000 K, surface gravity log g/(cm s −2 ) = 5.6 and abundances as in (Naslim et al. 2011) . A recalculation of the atmospheric parameters or abundances was not performed. Each spectrum was normalised to unity by using a simple parabolic fit to the regions with no absorption lines. A two-step process was introduced to measure individual line positions. In step 1, the spectra were first smoothed using a Savitzky-Golay filter (Savitzky and Golay 1964) . The individual absorption lines were fit with a Lorentzian profile using least squares curve fitting using initial guesses from the model fits for the width and wavelength of the absorption line. The range of allowed solutions was relatively large. This step was necessary in order to fit spectral lines en masse, including weak lines and cases when the spectra become noisy due to poor observing conditions. In step 2, the same fits were performed on the un-filtered spectra using the fit parameters from step 1 as starting values, and with stricter ranges for the allowed solutions. Figure 2 shows a typical fit to a spectral line.
Results
We have obtained 57 radial velocity curves for 11 elements (Table 2 ). Figure 3 shows a typical radial velocity curve; errors are of the order of 100m s −1 . The measurements suggest a change in the pulsation amplitude during a night of observation, which could imply frequency beating. This is not surprising considering that there are at least six detected photometric frequencies, and suggests that there is more than one frequency present in the radial velocity curve. Each radial velocity curve follows broadly the same trend.
Telluric absorption lines were also measured, the radial velocity measurements for which give an essentially flat curve with a standard deviation of 370m s −1 . This should be compared with the stellar absorption lines which vary with an amplitude of > 5 000m s −1 . The Fourier transform of the telluric radial velocities showed no peaks above 2σ.
Fourier Transforms
Using the software package P 04, (Lenz and Breger 2005) the classical Fourier power spectrum was computed. We measured the frequency and semi-amplitude of the highest peak (Figure 4 ). This corresponds, in every case, to the dominant period of 0.5 mHz. Each of the 50 lines for which we obtained a good solution yielded the same frequency with a peak amplitude > 5 σ. The data were prewhitened to ascertain if any further peaks could be detected. For He 4921Å, three other frequencies can be seen that agree with the photometric frequencies, but with a signal to noise after pre-whitening of between 2 and 3. We identify these as significant peaks because we already expect these frequencies to be present. 88% of all lines measured show equivalent peaks at 2 -3σ. All 6 photometric periodicities were detected this way, with different frequencies appearing in different lines.
Line Intensity
Following the Fourier analysis we looked at the amplitude of the main pulsation period in different lines as a function of line intensity. Residual intensity at line centre (rc) can be used as a model-independent proxy for the depth of formation in the photosphere. For p-modes, an increase in pulsation amplitude is often seen as the pulsation (wave) travels upwards through the photosphere into regions of lower density (i.e. He and H) (Kurtz et al. 2005) . In Figure 5 we see no significant change in amplitude with depth in the photosphere, all data points lie within 2σ of the mean. This is perhaps due to the nature of g-modes in which the wave motion is predominantly transverse, unlike in p-modes.
Summary and Future Work
We have performed a high-precision study of the radial velocity variability of LS IV−14 ∘ 116, a curious pulsating hot subdwarf. We have found multiple periods in the radial velocity curve and are currently investigating the amplitude of the pulsation as a function of depth in the photosphere. From measurements of the primary pulsation mode, its amplitude does not appear to change with depth. Our next task is to demonstrate that this result is consistent with the pulsations being due to g-modes.
